Power users on the mooring
The main power usage on the mooring is for acoustic communication, computing and data storage. The acoustic modem (20 watts) on the mooring wil be used durng each event plus 50% of the duration of one event. The rest of the power users at the mooring are put to 10 watts on average, without large peaks. The energy requied to do the satellte transfer is small and it wil not be more than 3 kWh over the entie experiment.
Duration and duty cycles
The following examples wil be separated into A and B. In both cases, the total experiment duration wil be put to 8 months.
Number of AUVs Number of moorings Total experiment duration Maxmum duration of event Time between events
Minimum chargig tie In the graphs that follow ( Fig. 1 and 2 ), the power usage of the Mooring is plotted against tie. Ths means that the lower level is symbolizing the power usage at the mooring when the AUVs ar sleeping. The graph for Case B (Fig.   1 ) is labeled with AUV 1 and AUV 2 when they are on mission (away from the moorig). The event stars and AUV 1 goes on mission (event stars at tie equal zero on both plots), AUV 1 retus, it stars to charge it's batteries and AUV 2 goes on mission. Ths means that it is at maxum, one AUV from each mooring on mission durig one event. The peaks occur when both AUVs are chargig their batteries at the same tie. The high level of power usage afer each event is the mooring modem under data transfer. The fist graphs shoves the full 8 months 
19.2kWh
Values for the tota experiment: 
NDRE (Norwegian Defence Research Establishment) Seawater Battery
The Seawater cell developed at NDRE is a power source intended for powerig stationar equipment in deep waters. The cell uses anodes made from commercial magnesium alloys, seawater as the electrolyte, and oxygen dissolved in the seawater as oxidant. The cathode is made of carbon fibers. Typical figues of merit from prototye cells are 4 watts over 6 months with a specifc energy density of 800-1000 wh/g based on dr weight, and a volumetrc energy density of 125 Whter (Ref. 2, Fig. 4 ). The seawater battery delivers a cell voltage of 1.2 -1.6
volts, because of the nature of the battery, it is impossible to connect the batteries in series (short circuit). It is, therefore, necessar to use a DCIDC converter. In al the calculations below there have been used a DCIDC effciency of 80%. 
Environmental conditions
To ensure the transport of oxygen to the sudace of the cathode there are many considerations. The surace area of the exposed cathode sudace must be as large as possible. This means that a large cross section of the cell facing towards the seawater curent is desirable. The average and minimum sea current at the location is important. The seawater battery requires above 5 cm/sec as average (this is a "High power cell"). Also, the oxygen content of the seawater is important. A content of 0.3 mole/m3 is more than enough (the relevant environmental data is in Appendix 3) . The environmental conditions in the Labrador Sea vares but the basic feature of the area seems to be good mixing between the layers; a typical site (Appendix 4) has a close to constant oxygen content through the water column.
When a seawater battery is deployed it must not be shielded by any strcture. It is also important to place it at a distance (2-5 meters) from the seafoor to ensure seawater flow through the battery.
It is worth noting that when using a seawater cell, it is important to remember the natue of the cell. A contact between any metallic par (except titanum) and the cathode of the cell wil result in rapid galvanc corrosion. This means that the user must make sure that the cell is insulated from any metallic par of the mooring strcture.
Size and weight of a Seawater Battery for use with AOSN All the numbers presented here are crude estimates. The cell strcture used is based upon prototypes which NDRE has developed over the past four years.
The seawater battery can be dimensioned by two different criteria: power requirements or long-term energy requirements. The difference with regards to an application like AOSN is typically the use of a secondar battery, and also the total volume of the battery. A battery dimensioned only to maintain the average power requirements must have a faily large secondar cell to deliver power during events. The weight of a seawater battery is mainly a function of the energy content (the mass of magnesium), and wil be nearly constant in an application like AOSN. The total volume of the seawater battery is mainly a function of the power requirements.
The seawater batteries in the tables below are built up by cylindrcal cells of 0.6 meters in diameter and 1 meter height (double length of the cell in Fig. 4 This means that the design of a battery which can deliver an excess of power makes the system more flexible and a 6 shorter duration between each event is possible.
The secondary battery and the DCIDC converters
The AOSN LSE seawater battery wil alost certainly requie a secondar battery. The size of a typical cell is in the order of 10 -15 kWh. This is a cell which is 4-10 times larger than a typical Odyssey battery. It may be beneficial to use the same battery technology on both the mooring and the Odyssey. 
Recharging of seawater batteries
The seawater batteries, lie the ones described above, can be reused a number of ties (::5) by replacing the anodes and possibly the cathodes. This process is not expensive or dificult. The most expensive pars are the cathodes (which must be delivered by Simrad), and the labor. The magnesium costs in the order of $lO/kg (tyicaly 300 kg for Case A) plus the cost of machig each anode (simple process).
Advantages and disadvantages with using seawater battry
The mai advantage of using a seawater battery is that there are no requiements of a large pressure vessel to accommodate the energy source. The secondar battery can be either a pressure compensated unt or it might requIe a pressure housing. The DC/DC converters and the charger wil need a small pressure housing. The use of several DC/DC converters connected in paralel makes the system redundat. The seawater battery consists of no moving pars and does not contain any dangerous components either for the environment or people.
The battery has a low weight and high energy density both on land (800 Wh/kg) and in the water. Ths simplies the handlng and reduces the need for buoyancy. Although the battery is large in volume it can be dispersed out on the mooring wire ( Fig. 7) in such a way that it should be possible to handle without diffculty. The battery is faily robust. 
Wire
The cells can be placed in clusters of thee cells and each cluster is evenly spaced along the wire.
The DC/DC converters can replaced in the middle of each cell as shown on the drawing above.
The mai disadvantages are a large volume and a low power rate.
Conclusion
The energy usage on the mooring wil be in the order of 250 -500 KWh, dependig on number of sensors, number of AUVs on each moorig and the energy requied to do data handlg.
There are several tyes of power sources that can deliver 250 -500 KW, but since the most attactive ones are those with a high energy density, the most obvious alternatives are a large lithum pack or a fuel cell. The disadvantages of such systems for underwater applications are several. Ths would alost certy involve a pressure housing with an internal volume of 1500 -2500 liters. The safety aspects of such a large lithum pack are serious and also the handlng of a large fuel cell can be hazardous. A large fuel cell has several moving pars in pumps, valves and combined with a highly corrosive environment inside the cell, there are questions about the reliabilty of the system.
The cost of a large fuel cell or a large lithum pack are traditionally high.
Energy delivery to an experient lie the AOSN LSE with the use of a seawater battery is feasible both techncaly and with the tie span of the AOSN project. Due to of the large water depths involved and the simplicity of the system the seawater battery seems lie a good candidate. The numbers chosen for case A and B are not ideal for a seawater battery. An idealy designed system would use the energy as constantly as possible. This would be a system where the missions were distrbuted evenly over the tota experiment, then a system without the use of secondar batteries could then be designed.
The envionment of the Labrador Sea is well documented and seems suitable to accommodate a seawater battery.
The cost of energy is assumed to be lower than $300/ kWh, with a recharge cost lower than $50/kWh. (estimate).
Simrad Norway is the producer of the NDRE seawater battery. 
Cell_weight = 30.8okg
Maximum power of one unit is assumed to be 2 times power of CFH cell (paper)
Energy pr cell 
-liter
Size of secondary battery is dependent uppon the maximum power from the seawater battery and the number of missions during one event. Typical environmental data from the Labrador sea The Autonomous Oceanogrphic Network (AOSN) Labrador Sea Experiment (LSE) wil be held in the Labrador Sea at a seawater depth of 300 -3500 meters. The total system wil consist of a number of AUVs which wil operate from a set of moorings within a defined area. Each moorig wil be placed on the seafoor. The docking stations wil be placed in the water column at 100 -200 meters water depth. Each AUV wil have at least one possible docking station to charge batteries and to transfer data. Ths report wil show two different load pattern examples for the AOSN LSE, and the implications upon the power budget of the mooring.
The possible use of a seawater battery and its implications upon the system wil be discussed. A preliminar design of the sizes and weights of a seawater battery for this application is also included. Energy delivery to an experiment like the AOSN LSE with the use of a seawater battery is feasible both technically and within the time span of the AOSN project. The environment of the Labraor Sea is well documented and sems suitable to accomodate a seawater battery. Due to the large water depths involved and the simplicity of the system, and the lack of any large pressure housings the seawater battery seems like a good candidate both in respect to costs and feasibilty. 
